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Abstract Retempering of concrete is a common practice in ready-mixed concrete industries for adjusting
the workability that might adversely affect strength and durability properties in hot climates. In this
paper, the effects of retempering with melamine sulphonate naphthalene-based superplasticizer (RS),
water (RW) and withhold water (RWW) on the compressive strength and water permeability (WP) of
concrete, are experimentally investigated. The results of this study indicated that the compressive strength
of concrete retempered with superplasticizer and withhold water, enhanced by increasing the delay
in casting, while retempering with water, resulted in a substantial decrease. Moreover, it was found
that RS improved the water permeability of retempered concrete much more than RWW, whereas RW
diversely increased this parameter. AlthoughRWWimposed a slight slump loss, RWWandRS are generally
proposed for the retempering of concrete, due to the suitable strength and permeability results.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Concrete industries and, especially, ready-mixed concrete
industries, are faced with a common problem known as
casting delay, which usually results in a considerable loss of
workability, so that concrete may be unworkable. Delay in the
production and delivery of ready-mixed concrete is inevitable,
which is influenced by the location of construction sites in
relation to the central batching plant and traffic conditions on
the route. On the other hand, improper methods of handling,
lack of site organization, work scheduling and breakdown of
equipment are some other causes of unexpected long delays.
The practice of retempering is frequently performed to
restore the initial slump and keep concrete workable at
construction sites in order to cope with the need for expediting
casting operations and reducing consolidation efforts [1].
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combination of both, are the most common variants for
resolving slump loss of concrete [2,3]. However it iswell-known
that retempering with water alone results in a substantial
strength loss, since extra water increases the water to cement
ratio of the concrete mixture [4–6]. In the case of ready-
mixed concrete, when concrete is observed at the delivery
point to have a lower-than-specified workability, there may
be one or more of three possible reasons [7]: (a) Insufficient
water batched initially; (b) a higher rate of evaporation (or
absorption by aggregate) than anticipated; and (c) a higher rate
of hydration than expected. Based on established research, the
retempering water added to offset reduction in workability,
due to reasons (a) or (b), will not result in strength reduction,
whereas extra water to combat (c) will result in a lower
strength, due to some increase in the water to cement ratio [7].
On the other hand, retempering with a superplasticizer
would be beneficial in terms of the strength loss experi-
enced [8]. Although the research work of Kirca et al. [8] showed
less loss of strength compared with untempered concrete
mixtures, the Erdogdu [9] experimentation showed some
development in compressive strength by retempering with su-
perplasticizers. In addition to the aforementioned methods,
retempering with withhold water is a promising method that
is rarely investigated.
Unfortunately, the aforesaid methods of retempering have
not been comparatively studied in a comprehensive research.
Besides, previous research has only been focused onworkability
and strength properties. Accordingly, this paper intends to
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RS: retempering with superplasticizer
RW: retempering with water
RWW: retempering with withhold water
7CS: 7-days compressive strength
28CS: 28-days compressive strength
WP: water permeability
CDT: casting delay time
investigate and compare the efficiency of retempering with
water, superplasticizer and withhold water by considering
slump variations, compressive strength andwater permeability
as workability, strength and durability indexes.
2. A review of previous research
A number of studies have been carried out in the past on the
workability and strength of retempered concrete. These trends
have mainly studied the decrease in workability (indicated
by slump loss) of a mix, with time, the amount of water or
superplasticizer to restore a particular level of workability, and
the effect of prolongedmixing time on the strength of concrete.
Generally, it has been found that retemperingwithwater re-
duces the strength of concrete [4–6]. In this regard, Hawkins [4]
investigated hourly retempering with water for a total pe-
riod of 8 h without intermittent mixing, and determined the
slump, water to cement ratio (w/c), temperature, air content,
and 28-day cylinder strengths of retempered concrete. It was
concluded that the longer the time period between the ini-
tial mix and the time it was retempered, the lower the 28-day
strength achieved was [4]. Similar results drawn from exper-
imental studies carried out by Adams et al. [10] involved the
application of a retarder with intermittent mixings at 15 min
intervals and hourly retempering with water for a total pe-
riod of 4 h. They contributed the compressive strength loss of
concrete to the higher amount of w/c [10]. An empirical re-
lationship for the strength of concrete retempered with water
was established by Cheong and Lee [5]. This relationship was
obtained from an analysis of the published data of retempered
concrete available from experimental studies conducted by a
number of researchers [4,11–15]. The proposed model was de-
veloped by relating two ratios, i.e., the ratio of the w/c in the
concrete after retempering to that of before retempering, and
the ratio of compressive strength after retempering to that of
before retempering. The model indicated a decreasing trend in
the strength ratio by increasing thew/c [5].
Unlike retempering with water, investigations into concrete
retempered with a superplasticizer have shown satisfactory
results [3,8,9,16]. In this regard, the effects of four methods
of retempering, with plain water and with water containing
1.5%, 3% and 4.5% of superplasticizer, on the consistency
and compressive strength of concrete subjected to prolonged
mixing was investigated by Kirca et al. [8]. Results showed
that compared to the untempered concrete mixtures, those
concretes retempered with 3% or 4.5% superplasticizer had
significantly less loss of compressive strength [8].
Ravindrarajah studied the effect of casting delay on the
workability and strength of concrete [16]. The study showed
that, although the delay causes considerable loss in workabil-
ity, there is no detrimental effect on compressive strength for
concretes with or without a set-retarding admixture or super-
plasticizer. It was concluded that the incremental addition ofsuperplasticizerwas capable ofmaintaining the concrete slump
within a small variation throughout the delay period. The ef-
fectiveness of superplasticizers in improving workability was
drawn to be a function of initial slump and the age of fresh con-
crete [16]. Similar results were observed by Erdogdu [9]. The
objective of Erdogdu’s research was to determine the effect of a
retempering operation, with a typical melamine-based super-
plasticizer, on the compressive strength of concrete subjected
to prolonged mixing, and to compare the results with those
obtained from concrete retempered with water, and those
reference samples that were not subjected to retempering. In
general, the results revealed that compared to the concrete
retempered with water, those retempered with a superplasti-
cizer had yielded significantly higher strength, regardless of the
mixing duration [9].
Baskoca et al. [3] studied the effects of three types of water
reducing chemical admixture (lignosulfonate, dextrin and
gluconate-based) on the workability and strength properties
of prolonged agitated concrete. They reached the conclusion
that the slump loss in mixtures containing a gluconate-
based retarder and combined lignosulfonate and gluconate
admixtures was less than that of other mixtures. Moreover, it
was found that the strength loss in gluconate retarder-added
mixtures was smaller than that of others.
Anderson and Carrasquillo [17] withheld some portion of
the initial mixing water for retempering at the job site, and
examined its effects on the properties of concrete. Tests were
performed to determine the effects of the amount of water
withheld, the age of concretewhen retempered, and the cement
content on the slump, air content, unit weight, compressive
strength, flexural strength, abrasion resistance, and freeze/thaw
resistance of concrete. The results of this study indicated that,
although strength was not affected when water was withheld,
the durability indexes were adversely affected.
3. Experimental program
3.1. Materials
Type I Portland cement, meeting the requirements of
ASTM C150 [18], and fine (0–4.75 mm) and coarse aggregates
(4.75–19 mm) that met the requirements of ASTM C33 [19]
were used in this investigation. The chemical composition and
physical properties of cement are presented in Table 1. Also, the
physical and mechanical properties of aggregates are reported
in Table 2.
Moreover, a melamine sulphonate naphthalene-based su-
perplasticizer, conforming to the requirements of ASTM C494
Type F [20] with a specific gravity of 1.15 kg/l, and pH of 9.5
was utilized in this experiment.
3.2. Mix designs
Table 3 shows the mix design of concretes planned for
production in a stationary mixer at the laboratory, for this
research. As accented in this table, identical contents of
coarse aggregates, fine aggregates and cement were used for
making the concrete, to provide a suitable framework for
comparative study. In this table, RSref, RWref and RWWref
refer to the reference (un-retempered) concrete designed
for retempering with a superplasticizer, water, and withhold
water, respectively, while RSn, RWn and RWWn refer to the
concrete retempered at each interval of n min delay in
production.
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Chemical compositions, % Physical properties
CaO 62.89 3 days compressive strength, MPa 18.2
SiO2 20.19 7 days compressive strength, MPa 28.5
Al2O3 3.84 28 days compressive strength, MPa 42.6
Fe2O3 3.99 Initial setting time, min 85
MnO 0.20 Final setting time, min 210
Na2O 0.20 Specific surface, m2/kg 331.4
K2O 0.72 Loss on ignition (975 °C) (1787 °F) 3.81
TiO2 0.26 Loss on drying (105 °C) (221 °F) 0.24
SO3 1.87
C3S 54.02
C2S 16.41
C3A 4.01Table 2: Aggregate properties.
Aggregate type Specific gravity
(g/cm3)
Absorption,
24 h (%)
Fineness
modulus
Passing from
75 µm sieve
(no. 200)
Fine aggregate (0–4.75 mm) 2.53 2.42 3.2 1.1
Coarse aggregate
(4.75–19 mm)
2.56 1.93 – 0.2Table 3: Details of mix designa .
Code Superplasticizer
(% of cement)
Free water (kg/m3) Finalw/c Casting
slump
(mm)
RSref 0 178 0.5 35
RWref 0 178 0.5 40
RWWref 2 125 0.35 15
RSn Variable 178 0.5 70–90
RWn — 178+ Variable unknown 70–90
RWWn 2 125+ 53 0.5 55–90
a Concretes made with constant content of coarse aggregate = 712 kg/m3 , fine aggregate=1058 kg/m3 , and
cement=356 kg/m3 .3.3. Utilized retempering methods
3.3.1. Retempering with superplasticizer
Since the superplasticizers could considerably increase the
fluidity of the fresh concrete, they are suitable variants for
retempering purposes. In this method, prepared concrete
denoted by RS (Table 3), with an initial slump (here, 35 mm),
will be subjected to retempering by addition of appropriate
values of superplasticizer, to adjust the slump to a desired level
for being placable or pumpable. In this case, an effort was made
to regulate the slump in the range of 70–90 mm. This task was
carried out at each interval of 15 min up to 90 min.
3.3.2. Retempering with water
In this study, concrete denoted by RW was designed and
made with the mix proportion given in Table 3 with an initial
slump of 40 mm, and at the time of casting, was retempered
with an adequate amount of water that was just sufficient to
lubricate the concrete to the predefined slump level of 70–90
mm. This task was performed at each interval of 15 min up to
90 min. Thus, in this case, the real amount of final w/c is not
known accurately, as indicated in Table 3.
3.3.3. Retempering with withhold water
In this case, concrete was produced by using 70% of free
water, i.e., 125 kg/m3 (w/c = 0.35), and the remaining 30%of free water, i.e., 53 kg/m3 (w/c = 0.15) was used for the
retempering process at the time of casting after intervals of
15 min up to 90 min. In this case, the slump values were just
monitored until a total time of 90 min. The final slump reached
55 mm, which was acceptable for our case.
3.4. Steps of experiment
The following steps were employed to perform the experi-
mental work:
Step 1. In each case, the reference concretes, i.e., RSref, RWref
and RWWref, were batched and produced based on ingredient
materials given in Table 3.
Step 2. The initial slump of the aforementioned concretes were
measured and samples were molded for evaluating 7-day and
28-day compressive strength (7CS, 28CS) and 28-day water
permeability (WP).
Step 3. At intervals of 15 min after casting delay time (CDT),
up to the final 90 min, the retempering procedure denoted by
RSn, RWn and RWWn was applied to the equivalent batches
of concretes produced in Step 1. It should be noted that the
remixing process was carried out in a medium-size stationary
mixer.
Step 4. Following the application of each retempering process,
samples were taken for measuring the slump, 7CS, 28CS and
WP.
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measured at desired ages, respectively, according to the BS-EN
12390 Part 3 [21] and BS-EN 12390 Part 8 [22].
4. Results and discussion
Table 4 summarizes the compressive strength results
examined on the cube samples at ages of 7 and 28 days moist
curing. In this table, the results of the reference refer to the
unretempered concrete, i.e., RSref, RWref, and RWWref, while the
retempered concrete results at the CDT of 0, 15, 30, 45, 75 and
90 are identified by the identical corresponding time.Moreover,
the results ofWPat the age of 28days are presented in this table.
4.1. Effects of retempering on the compressive strength
4.1.1. Retempering with superplasticizer
As reported in Table 3, the slump of RSref was 35 mm, while
RS restored the slump of concrete in the range of 70–90 mm.
Figure 1 shows the effect of retempering with superplasticizer
(RS) on 7CS and 28CS. In general, the application of RS increased
7CS and 28CS in comparison with RSref. 7CS and 28CS of RSref
were 20.6 MPa and 33.0 MPa, respectively, whereas, 7CS and
28CS of retempered samples increased to values in the range
of 22.3–25.4 and 35.9–40.2, respectively. The observed increase
of compressive strength in the retempered specimens could be
mainly attributed to increasing workability, which led to better
compaction and the provision of adequate time for the water
absorption of aggregates.
Furthermore, an increasing trend could be observed by
increasing the CDT, specifically, until 45 min CDT. This trend,
which exhibits a favorable behavior from a practical point
of view, can be attributed to the water absorption of fine
and coarse aggregates [23]. Figure 2 depicts the absorption of
aggregates at 15 min intervals up to 24 h in a semi-logarithmic
scale. It should be noted that the absorption of aggregates is
measured in a similarmethod to ASTMC 127 [24] and C128 [25]
for coarse and fine aggregates, respectively, except that the
immersion time is replaced by time intervals of 15 min instead
of 24 h. Based on this figure, it can be concluded that concrete
samples with higher CDT had more opportunity to absorb
the required water for saturation, while the insufficient time
needed for completion of thewater absorption process resulted
in a higher w/c ratio for the early molded samples. As seen
in Figure 2, water absorption between 30 to 60 min increased
sharply with time and, thus, a higher amount of water could be
absorbed by the aggregates, leading to a lower ratio ofw/c and
higher compressive strength. The negligible decrease observed
after the 45 min delay for 7CS could be related to experimental
error.
4.1.2. Retempering with water
Based on Table 3, the slump of RWref was 40 mm, while, by
the addition of water as the retempering process, the slump
of concrete regulated in the range of 70–90 mm. The effect
of RW on the 7CS and 28CS is presented in Figure 3. In this
case, 7CS and 28CS of RWref were 21.5 MPa and 30.8 MPa,
respectively, whereas 7CS and 28CS of retempered samples
decreased noticeably. The observed reduction in compressive
strength could be related to the increasing amount of added
water in the process of retempering, which resulted in a higher
ratio ofw/c .
It should be noted that the compressive strength of the
retempered concrete increased until 30min CDT and, after that,Figure 1: 7CS and 28CS of concrete subjected to RS.
Figure 2: Water absorption of aggregates.
Figure 3: 7CS and 28CS of concrete subjected to RW.
a decreasing trend occurred. The observed twofold effect might
be related to the following causes:
(1) Aggregate absorption during the CDT (as discussed ear-
lier), decreased thew/c ratio, which increased the compressive
strength, while (2), by increasing the CDT, the amount of retem-
pering water increased and, thus, the compressive strength de-
creased. At the early CDT, i.e., after 15–30min (RW15, RW30), the
addedwater for retemperingwas almost close to the amount of
water at RW0; therefore, the increasing of compressive strength
could be attributed to the first process. By preceding the CDT,
i.e., after 45–90 min, the aggregates were approximately satu-
rated. In this state, the water used for retempering increased,
so the second phenomenon was the governing factor for the
observed decrease in compressive strength.
4.1.3. Retempering with withhold water
The effect of RWW on compressive strength is shown in
Figure 4. As depicted in this figure, RWWref, which was made
with 70% of free water, presented 40.4 MPa and 50.7 MPa
for 7CS and 28CS, respectively, whereas the values for RWW0
were 25.5 and 41.2 MPa. This obvious decrease in compressive
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CDT (min) 7CS (MPa) 28CS (MPa) WP (mm)
RS RW RWW RS RW RWW RS RW RWW
Reference 20.6 21.5 40.4 33 30.8 50.7 12.5 16.0 14.5
0 22.3 15.5 25.5 35.9 26.0 41.2 12 16.5 13.5
15 22.6 16.5 25.8 36.4 28.5 41.5 11.5 17.0 13.5
30 24.5 17.4 26.9 36.4 29.0 41.7 12.5 16.0 14.0
45 25.4 16.6 27.6 39 28.5 42.1 13 17.0 14.0
60 25.0 15.8 28.5 40.1 28.0 43.6 12.3 16.5 15.0
75 25.2 15.8 28.5 40.2 28.0 44.2 12 16.5 14.0
90 25.2 15.5 28.5 40.2 28.1 44.3 12 17.0 14.5Figure 4: 7CS and 28CS of concrete subjected to RWW.
Figure 5: Slump changes during RWW procedure.
strength compared to the reference is attributed to the addition
of 30% of remained free water as used for the retempering
process. However, the concrete retempered with this method
presented the highest compressive strength of all retempering
methods. Additionally, the compressive strength experienced a
slight increasing trend, almost after 45 min CDT.
During the experimental procedure, the changes in slump
were monitored and presented in Figure 5. It can be seen that
the slump of concrete decreased with CDT; however, it had not
decreased to values lower than the acceptable range for casting
(Slump ≥ 55 mm).
4.1.4. Comparing the retempering methods
Figures 6 and 7 compare the 7CS and 28CS of concrete
subjected to different retempering methods, respectively. For
better comparison of results, reference lines are defined by
consideringw/c = 0.5 and CDT of zero. To this end, the average
of 7CS and 28CS of reference concrete, i.e., RSref and RWref, and
initially retempered concrete with withhold water, i.e., RWW0,
were calculated as compressive strength reference lines. By
the aforesaid definition, the reference lines were 22.5 MPa and
35.0 MPa for 7CS and 28CS respectively.Figure 6: Comparing the effects of RS, RW and RWW on 7CS.
Table 5: Average changes in 7CS and 28CS of retempered concrete with
different methods.
Retempering method Average changes (%)
7CS 28CS
RS +8.0 +9.6
RWW +21.5 +22.1
RW −28.2 −20.2
The depicted results emphasized that both RS and RWW
had enhancing effects on compressive strength, while RW
decreased the compressive strength during CDT. Average
changes summarized in Table 5, in comparison with the
reference line, indicated that RWW presented more enhancing
effects than RS. In addition, RWwas found as the worst method
for the retempering of concrete, owing to its substantial diverse
effects on compressive strength. The 7CS and 28CS of concrete
subjected to RWdecreased about 28.2% and 20.2%, respectively,
while these properties increased 8% and 9.6% for RS and 21.5%
and 22.1% for RWW.
The comparison of retempering methods proposes the
application of RWW and RS instead of prevalent RW, due to
their favorable effects on compressive strength.
4.2. Effects of retempering on the water permeability
The water permeability of concrete is measured as per BS
EN 12390-8 [22]. The effect of various retempering methods
on the water permeability of concrete is depicted in Figure 8.
Another reference linewas defined as the average ofWP of RSref
and RWref and RWW0. Based on the given data in Table 4, the
reference line for WP is 14 mm. As can be observed, RS and RW
presented the lowest and highest values of WP, respectively.
Moreover, RWW exhibited a behavior similar to the reference
line. The changes in WP of the retempered concrete, regarding
the reference line, are summarized in Table 6. The results
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methods.
Retempering method Average
improve/decline in WP (%)
RS +13
RWW +0.5
RW −18.9
Figure 7: Comparing the effects of RS, RW and RWW on 28CS.
Figure 8: Effect of retempering on the water permeability.
showed that RWwas the worst method, as it caused about 19%
increase in WP compared to the reference line.
RS improved the WP of concrete about 13%, while the
improvement of RWW was negligible. In contrast with the
results of compressive strength, RS showed a more suitable
behavior than RWW. As can be observed, despite the fact that
the w/c ratio is the governing factor for compressive strength,
it was not found to be the major factor in WP.
5. Conclusion
In this research, the effects of retempering with a superplas-
ticizer, water and withhold water on the compressive strength
and water permeability (WP) of concrete, were studied and
compared with each other. Based on the results of the exper-
imental studies of this research, the following conclusions can
be drawn:
1. From a compressive strength standpoint, the retempering
methods can be arranged as RWW > RS > RW, while the
priority changes for water permeability are RS > RWW >
RW.
2. Generally, RS and RWW are suitable methods for the retem-
pering of concrete.
3. Due to the inappropriate effects of retempering with water
on the strength and permeability properties of concrete, it is
recommended to avoid this method.
4. Of all methods, RS is strongly recommended for its improv-
ing effects on strength, water permeability and hardiness.Acknowledgments
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